Letters
Comparative hazard assessment of insecticides Stark and Banks (2001) ask whether newer, more selective insecticides are less hazardous to nontarget species compared with more traditional, broad-spectrum compounds. This is an important issue, and I applaud their approach of combining traditional toxicity measures (i.e., LC 50 ) with population-level measures (i.e., extinction concentrations). Unfortunately, there are a number of errors in the paper that seriously affect the conclusions that can be drawn. In the text, the authors describe the measure that they will use to compare the relative hazard of the different insecticides, namely the expected environmental concentration (EEC) divided by either the LC 50 or the extinction concentration (defined as the insecticide concentration at which the instantaneous rate of population growth is -0.01). As correctly explained in the text (but incorrectly described in the footnote to Table 3), the larger this ratio is, the greater the risk, and ratios larger than 1 generally give cause for concern. Examination of Figure 1 shows that the concentration at which the instantaneous rate of increase is equal to -0.01 is slightly above 1 µg/l for diazinon and between about 10 µg/l (Spinosad) to more than 10,000 µg/l (Actara) for the more selective substances. The authors state in the text that "Population extinction concentrations for the new selective insecticides ranged from 3 to 406 times less than diazinon." This should read "greater" rather than "less" (Table 3 , first column of data). The values from Figure 1 do not match the calculated values presented in Table 3 . For example, Figure 1 suggests that the instantaneous rate of increase falls to -0.01 at Actara concentrations between 10,000 and 100,000 µg/l, whereas Table 3 shows an extinction concentration for this chemical of only 35 µg/l (0.035 mg/l). However, even if some of the extinction concentrations in Table 3 are underestimates, the hazard quotients in this table clearly show that those for diazinon are much larger than those for the other insecticides, and this is true whether they are based on LC 50 or on population growth. Thus, are the selective pesticides less hazardous than diazinon? This analysis would suggest that they are.
The authors conclude that whereas hazard estimates based on EEC/LC 50 indicated little cause for concern for most pesticides, those estimates based on EEC/extinction concentration were above 1 for most chemicals and therefore indicate that the chemicals may cause damage to nontarget species. An important point not mentioned by the authors is that, according to North American (ECOFRAM 1999) and European (CEC 1997) legislation, risk assessment of pesticides follows a tiered structure, such that if only information on acute toxicity of aquatic invertebrates is available, a margin of safety of 2 in the United States and of 100 in the European Union is generally applied to the LC 50 to account for the uncertainty in extrapolating from these values to likely effects on aquatic nontarget species. This means that the hazard quotients based on EEC and LC 50 would, in effect, be multiplied by at least a factor of 2, which would put four of them above the critical value of 1. Following the European Union approach, all of the substances except for Actara would have acute hazard quotients above 1. Any pesticide failing this tier of the risk assessment would generally be required to undergo further testing to allow a more refined risk assessment to be conducted. Taking into account a minimal margin of safety of 2, the only pesticide for which there is a discrepancy between the acute-and population-level hazard quotients is Neemix. Thus, most of these insecticides would probably not have "slipped through the net" when the traditional toxicological protocols were employed. However, I agree with Stark and Banks that the variable patterns of relative toxicity of the new substances make generalizations difficult. In particular, their analysis highlights the difficulties of predicting population-level impacts from measures of acute mortality a priori.
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